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Hi All,
 
Danielle Jones just sent the follow-up interagency comments to EPA’s responses that were
discussed during the interagency call on Monday.  There were only 12 written comments.  In
addition to comments, USDA provided a paper for EPA’s reference.
 
Danielle would also like us to schedule a follow-up meeting to discuss OMB’s original comments
regarding the EA.  In addition to the EA comments, OMB would like to discuss the retrospective
review comment and response.  She’d like us to set up something for early January, before

everyone’s calendars get booked up.  She will return from leave on January 6th.  Thursday morning

January 9th or Friday the 10th would work best for Amanda, Jim K, and Danielle.  Let me know what
dates work for you and we can get this set up.
 
Thanks!
 
-Melissa
 
Melissa L. Chun
Office of Chemical Safety and Pollution Prevention
Regulatory Coordination Staff
U.S. Environmental Protection Agency
1200 Pennsylvannia Ave., N.W., Washington, DC 20460
EPA East Room 3426D, Mail Code: 7101M
Phone: 202-564-1605; Fax: 202-564-0263
E-mail: chun.melissa.@epa.gov
 

mailto:/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP (FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=A429A1EAE33C4B1D8C4D491D31485097-MCHUN
mailto:Arling.Michelle@epa.gov
mailto:Berwald.Derek@epa.gov
mailto:Christensen.Carol@epa.gov
mailto:Davis.Kathy@epa.gov
mailto:Ellenberger.Jay@epa.gov
mailto:Evans.Elizabeth@epa.gov
mailto:Evans.Jeff@epa.gov
mailto:Evans.Jeff@epa.gov
mailto:Garrison.Scott@epa.gov
mailto:Guilaran.Yu-Ting@epa.gov
mailto:Huskey.Angela@epa.gov
mailto:Keaney.Kevin@epa.gov
mailto:Maguire.Kelly@epa.gov
mailto:Pont.Richard@epa.gov
mailto:Thundiyil.Karen@epa.gov
mailto:Wingate.Diedra@epa.gov
mailto:Wyatt.Tj@epa.gov
mailto:Kiely.Timothy@epa.gov
mailto:Jordan.William@epa.gov
mailto:Frazer.Brian@epa.gov
mailto:Smith.Peterj@epa.gov
mailto:Hofmann.Angela@epa.gov
mailto:hofmann.angela@epa.gov

Summary of Interagency Working Comments on Draft Language under EO12866/13563 Interagency Review.  Subject to Further Policy Review.





1. Non-farm income, such as a salary of a family member, may not be included in the calculation of annual receipts to a farm.  To take advantage of the affiliates rule, affiliated entities must be business concerns, and share common ownership or management.  A family member’s non-farm salary is not a business concern.  Please see the Small Business Administration’s “Guide to Size Standards” here: http://www.sba.gov/content/guide-size-standards.   Could EPA please clarify how they are employing non-farm income to measure costs to small-small farms in the EA? 



2. This reviewer believes that EPA should not be counting off-farm family income when determining whether or not this rule will have a significant impact on farm income.  Median net farm income in the US is negative.  That means for many small family farms it makes little sense to look at agricultural sales or total family farm income.  EPA stated on the interagency call that they look at overall income for “firms” in other rules.  That is true for conglomerates with overseas or multi-state operations.  It does not seem at all relevant to this discussion of small family farm income. The reviewer recommends that EPA use the table included in the analysis without the discussion about “insignificant impacts”.  





3. Reviewer recommends deleting the following text from pg 164 of the EA because it is not standard practice to evaluate revenues of family members of company CEO’s. That standard practice is for very large conglomerate firms with overseas operations or operations in different states. 

It is also standard practice, when evaluating impacts per firm, to consider the revenues of the parent company, which may be involved in other activities than the one being regulated. In that context, it is worth noting that farm income represents only a portion of total household income for small operations. As noted in the preceding section, USDA reports that off-farm income accounts for 94 percent of income for farms making between $40,000 and $249,000 per year in farm sales and that off-farm income for vegetable and melon farms averaged over $55,000 per year (Ali and Lucier, 2011). Thus, comparison of the rule costs to farm income alone will typically, and perhaps substantially, overstate the impacts on the smallest entities. If, on average, farm income represents even 25 percent of household income, the smallest WPS farms total income is estimated to be about $17,800 per year. This implies off-farm income of about $13,300, well below that reported by USDA (Ali and Lucier, 2011).



4. The reviewer recommends the following edits to pg 164-5 in the EA and provides the following link: http://www.ers.usda.gov/topics/farm-economy/farm-sector-income-finances/highlights-from-the-2013-farm-income-forecast.aspx#.UrB-UPvpyf6

An incremental increase in costs of $81 per year as a consequence of the proposed rule, and assuming 20 pesticide applications each year over the 10-year period of analysis, represents about 0.5 percent of annual income and would not be considered significant. a 1.8% increase in operating costs for small-small farms, a 0.2% increase in operating costs for medium-small farms, and a 0.1% increase in operating costs for large-small farms. Those are relative to annual sales estimates, but do not consider net on-farm income. The median farm income for farm households is negative, which implies that for most small farms the increase in operating costs due to this rule is understated by examining the compliance costs relative to farm sales.



However, EPA also examined the assumptions underlying the estimated cost to small-small…



Given that, for small-small WPS farms net farm income is likely negative but that, annual incremental costs, particularly hazard communication and notification costs, are likely overestimated and that total household income is substantially underestimated, EPA concludes that, even for the smallest WPS farms, the proposed rule would not have a significant impact.will have different economic impacts depending on the farm situation.



5. [bookmark: _GoBack]In section XVIII, “Exemptions and Exceptions,” the reviewer requests that EPA provide a description of the sources of information on which the family member owner will rely to ensure they are providing adequate protection of their family members. These sources of information were discussed during the interagency call.



6. Response 25: Regarding prostate cancer, EPA may wish to review the attached June 2012 analysis by the National Institutes of Health and the Yale School of Public Health titled “Methyl bromide exposure and cancer risk in the Agricultural Health Study.” Cancer Causes Control. 2012 June ; 23(6): 807–818. 

Page 8 “We observed a non-significant elevated risk of prostate cancer with methyl bromide use among those with a family history of prostate cancer, but the interaction with a family history did not achieve statistical significance. It is unclear whether the early finding with prostate cancer in the AHS was due to chance or whether the finding was real and potentially attenuated with continued followup due to diminishing methyl bromide use over time.”



7. Comment 40: Commenter re-emphasizes comment. Alternatively, commenter requests EPA to consider shortening the grace period by 1 or two days only. 



8. Comment 41: Commenter re-emphasizes comment. Alternatively, commenter requests EPA to consider maintaining the 5 year requirement but requiring an annual “refresher” requirement instead of an annual training requirement.  



9. Comment 42: What are the costs associated with employers taking the Train-the-Trainer program?  Are the costs outlined in the EA?  This may be the more realistic scenario for farms if it is less costly in the long run and if EPA reduces the grace period to two days, in which case it could be more difficult to bring in a professional trainer on very short notice. 



10. Response 51: During the inter-agency call on 12/9/13, USDA stated that some states have parental permission requirements. EPA sought to clarify that USDA’s comment actually referred to certified pesticide applicator training requirements for children which are under FIFRA. USDA is forwarding a state example requiring parental permission for the employment of children ages 16 and 17 in agricultural operations under DOL purview. The New Hampshire form appears to apply to both agricultural and non-agricultural occupations.

http://www.nh.gov/labor/documents/child-labor-below-18.pdf  

Child Labor Requirements In Agricultural Occupations Under the Fair Labor Standards Act (Child Labor Bulletin 102) 

U. S. Department of Labor Employment Standards Administration Wage and Hour Division  WH-1295 (Revised June 2007)

Minimum Age Standards for Agricultural Employment



Minors who are at least 16 years of age may perform any farm job, 

including agricultural occupations declared hazardous by the Secretary of Labor, at any time, including during school hours



“The Federal Child Labor Provisions in Agriculture Do Not: 

1. require minors to obtain “working papers” or “work permits,” though some States do; “



http://www.nh.gov/labor/inspection/wage-hour/youth-employment.htm



New Hampshire Parental Permission Form

http://www.nh.gov/labor/documents/parental-permission.pdf

1. RSA 276-A Youth Employment

I. No youth shall be employed or permitted to work in any hazardous occupation, except in an apprenticeship, vocational rehabilitation, or training program approved by the commissioner.

VIII. No youth 16 or 17 years of age, except a youth 16 or 17 years of age who has graduated from high school or obtained a general equivalency diploma, shall be employed by an employer unless the employer obtains and maintains on file a signed written document from the youth’s parent or legal guardian permitting the youth’s employment.

11. Response 62: During an EPA meeting held with Federal land management agencies on 11/7/13 to discuss proposed WPS revisions, EPA asserted that the regulatory proposal would allow for drafting and use of natural waters for emergency decontamination, without the need to first exhaust supplies of required quantities of potable water.  FS is not intending to perform decontamination within natural waterbodies (i.e. streams and lakes), but water from those waterbodies in remote areas would be needed.  Because some remote area operations might necessitate drafting of natural waters for emergency decontamination we recommend that two sentences within EPA response to comment #62 be replaced with the following language:

EPA is proposing to require that workers and handlers have access to sufficient quantities of potable water for decontamination.  Employers would still be allowed to use natural waters in case of an emergency to supplement required quantities of potable water.



12. Response 97: EPA's response to comment 97 amends the existing preamble language to state "Under the Department of Labor's Fair Labor Standards Act of 1938, children may work at younger ages and in more hazardous tasks in agriculture than is permitted in other industries. . . ." 

We recommend that the language be edited to read:

“The Fair Labor Standards Act's child labor provisions, which are administered by the Department of Labor, permit children to work at younger ages in agricultural employment than in nonagricultural employment."

As discussed briefly in our phone call, the U.S.G. ratified the International Labor Organization's Convention No. 182 on the Worst Forms of Child Labor in 1999.  When it ratified that convention, the U.S.G. made certain representations with respect to its laws and the protection of children pursuant to those laws, in agricultural and nonagricultural employment, which could be undermined by the statement as currently written. The reviewers request that EPA use the recommend language above, so that EPA is not  representing that children are permitted to work in more hazardous tasks in agricultural employment.  

Reviews also request that EPA delete the FLSA's 13(c)(4) waiver provision since it has not been used for some time. If EPA would like to use an example of an age differential between agricultural and nonagricultural employment, please use section 13(c)(1)(B) of the FLSA, 29 U.S.C. 213(c)(1)(B), which permits 12 and 13 year olds to work in agriculture outside school hours, in nonhazardous jobs, if they are either working on the same farm as their parent or person standing in place of their parent, or are working with parental permission.  
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Methyl bromide exposure and cancer risk in the Agricultural
Health Study


Kathryn Hughes Barry1,2, Stella Koutros1, Jay H. Lubin1, Joseph B. Coble1,*, Francesco
Barone-Adesi1, Laura E. Beane Freeman1, Dale P. Sandler3, Jane A. Hoppin3, Xiaomei Ma2,
Tongzhang Zheng2, and Michael C.R. Alavanja1


1Division of Cancer Epidemiology and Genetics, National Cancer Institute, National Institutes of
Health, Bethesda, MD
2Yale School of Public Health, New Haven, CT
3Epidemiology Branch, National Institute of Environmental Health Sciences, National Institutes of
Health, Research Triangle Park, NC


Abstract
Purpose—Methyl bromide is a genotoxic soil fumigant with high acute toxicity, but unknown
human carcinogenicity. Although many countries have reduced methyl bromide use because of its
ozone depleting properties, some uses remain in the United States and other countries, warranting
further investigation of human health effects.


Methods—We used Poisson regression to calculate rate ratios (RR) and 95% confidence
intervals (CI) for associations between methyl bromide use and all cancers combined and 12
specific sites among 53,588 Agricultural Health Study (AHS) pesticide applicators with follow-up
from 1993–2007. We also evaluated interactions with a family history for four common cancers
(prostate, lung, colon, and lymphohematopoietic). We categorized methyl bromide exposure based
on lifetime days applied weighted by an intensity score.


Results—A total of 7,814 applicators (14.6%) used methyl bromide, predominantly before
enrollment. Based on 15 exposed cases, stomach cancer risk increased monotonically with
increasing methyl bromide use (RR=1.42; 95% CI: 0.51–3.95 and RR=3.13; 95% CI: 1.25–7.80
for low and high use compared with no use; ptrend=0.02). No other sites displayed a significant
monotonic pattern. Although we previously observed an association with prostate cancer (follow-
up through 1999), the association did not persist with longer follow-up. We observed a non-
significant elevated risk of prostate cancer with methyl bromide use among those with a family
history of prostate cancer, but the interaction with a family history did not achieve statistical
significance.


Conclusions—Our results provide little evidence of methyl bromide associations with cancer
risk for most sites examined; however, we observed a significant exposure-dependent increase in
stomach cancer risk. Small numbers of exposed cases and declining methyl bromide use might
have influenced our findings. Further study is needed in more recently exposed populations to
expand on these results.


Address for correspondence and reprints: Kathryn Hughes Barry, Ph.D., M.P.H., Occupational and Environmental Epidemiology
Branch, Division of Cancer Epidemiology and Genetics, National Cancer Institute, 6120 Executive Blvd, EPS 8111, MSC 7240,
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INTRODUCTION
Methyl bromide, also known as bromomethane, is most commonly used in the United States
as a soil fumigant for crops such as tomatoes and strawberries to control various pests. Other
uses include application as a post-harvest pesticide for agricultural commodities and as a
treatment for imported commodities [1]. Historically, methyl bromide was also used in
structural fumigation and as a methylating agent in organic synthesis [2]. Although methyl
bromide use in the United States declined from 1993–2005 due to a U.S. EPA phaseout in
accordance with the Montreal Protocol and Clean Air Act because of its ozone depleting
properties, some use remains in the United States from allowable exemptions [3], as well as
in other countries [4]. While the phaseout in developed countries under the Montreal
Protocol has already been completed, the phaseout in developing countries is expected by
2015 [5]. Due to concerns about methyl bromide inhalation exposures to handlers, other
agricultural workers, and bystanders because of the chemical’s volatility, the latest U.S.
EPA reregistration eligibility decision for soil and structural uses of methyl bromide
required a number of mitigation measures (e.g. buffer zones around application sites) [1]. As
an EPA Toxicity Class I chemical, methyl bromide is considered highly toxic to humans.
Consequences of exposure can include acute toxicity to the nervous system and lungs, which
can lead to organ system failure and death, and residual defects, such as persistent
neurological effects [2]. However, the carcinogenicity of methyl bromide has been little
studied in humans. While the National Institute for Occupational Safety and Health
(NIOSH) lists methyl bromide as a potential occupational carcinogen [6], IARC ranks its
carcinogenicity as unknown (group 3) [7].


There is evidence for a carcinogenic potential of methyl bromide based on its known
genotoxic activity. Methyl bromide has been shown to induce DNA adducts (3-methyl-
adenine, 7-methyl-guanine, and O6-methyl-guanine) in the liver, lung, stomach, and
forestomach of exposed rats [8] by donating methyl groups that bind covalently to DNA
bases. In addition, methyl bromide exposure has been associated with increased mutations
and sister chromatid exchanges in vitro and increased micronuclei formation in the bone
marrow and peripheral blood cells of exposed rodents [7]. In humans, a small cross-sectional
study of methyl bromide fumigation workers observed borderline significant increases in
lymphocyte hypoxanthine-guanine phosphoribosyl transferase gene (hprt) mutations and
oropharyngeal cell micronuclei [9].


Some rodent bioassays have observed an increased risk of forestomach carcinomas or
adenomas of the pituitary gland with methyl bromide exposure, but studies have been
inconsistent, and IARC has concluded that the evidence in experimental animals for the
carcinogenicity of methyl bromide is limited [7]. The few epidemiologic studies of methyl
bromide and cancer outcomes suggest possible associations with prostate, stomach, and
testicular cancers [10–14]. A prostate cancer case-control study in the U.S. Agricultural
Health Study (AHS), a prospective cohort of pesticide applicators in Iowa and North
Carolina, detected increased prostate cancer risk associated with methyl bromide use based
on cancer follow-up through 1999 [odds ratio (OR) for the highest exposure category
compared with the non-exposed group = 3.47; 95% confidence interval (CI): 1.37–8.76;
ptrend = 0.008] [10]. In addition, two prostate cancer case-control studies in California
suggested increased risk associated with occupational exposure (OR for the highest
compared with the lowest exposure group = 1.59; 95% CI: 0.77–3.30) [11] or ambient
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exposure (OR for any exposure compared with no exposure = 1.62, 95% CI: 1.02–2.59)
[12]. A case-control study of stomach cancer in California observed increased risk
associated with the highest tertile of occupational exposure using the lowest tertile as the
referent group, but not using the non-exposed group as the referent (OR = 2.38, 95% CI:
1.06–5.37 and OR = 1.33, 95% CI: 0.67–2.67, respectively) [13]. An earlier cohort study of
white male workers with potential exposure to organic brominated compounds, including
methyl bromide, at three chemical manufacturing plants and a research establishment in the
U.S. suggested an excess of testicular cancer deaths, although based on only two deaths
[14].


In the present analysis, we investigated the relationship between methyl bromide use and
risk of a number of cancer sites among pesticide applicators in the AHS. Since a family
history of cancer might serve as a proxy for an inherited genetic susceptibility to developing
cancer, we also evaluated interactions between methyl bromide use and a family history of
cancers where numbers allowed.


METHODS
Study population


The AHS cohort has been described in detail elsewhere [15]. Briefly, 57,310 licensed
restricted-use pesticide applicators in Iowa and North Carolina and 32,346 of their spouses
were enrolled between December 1993 and December 1997. All participants provided
informed consent, and the protocol was approved by all appropriate Institutional Review
Boards. Participants are linked annually to the Iowa and North Carolina state cancer
registries to ascertain cancer diagnoses and to state death registries and the National Death
Index to ascertain vital status. Person-years at risk were calculated for each participant
starting at the date of cohort enrollment and ending at the date of first incident cancer
diagnosis, death, loss to follow-up, or December 31, 2007, whichever occurred first. Loss to
follow-up was largely due to out-migration from Iowa and North Carolina; for these
participants, person-years were censored at the date of exit from the state (based on IRS
record). We conducted the present analysis among pesticide applicators in the AHS and
excluded those with a cancer diagnosis prior to enrollment (except for non-melanoma skin
cancers), n=1,094, those who did not contribute any person-years of follow-up, n=272, and
those missing data needed to characterize methyl bromide exposure, n=2,356, resulting in a
final sample size of 53,588 pesticide applicators. Among these applicators, 7,814 (14.6%)
reported any use of methyl bromide. The median length of follow-up was 12.3 years.


Exposure assessment
Information on lifetime use of 50 pesticides was captured in two self-administered
questionnaires (http://aghealth.org/questionnaires.html) completed during cohort enrollment
(Phase 1, from 1993–1997) and an interviewer-administered follow-up telephone
questionnaire (Phase 2, from 1999–2005). All 57,310 AHS applicators completed the first
enrollment questionnaire, which inquired about ever/never use of the 50 pesticides, as well
as duration (years) and frequency (average days/year) of use for a subset of 22 pesticides,
including methyl bromide. In addition, 25,291 (44.1%) of the applicators returned the
second (take home) enrollment questionnaire, which inquired about duration and frequency
of use for the remaining 28 pesticides.


Of the 57,310 applicators, 36,342 (63.4%) responded to the Phase 2 computer-assisted
telephone interview (CATI), which inquired about crops raised, as well as each pesticide
used and its frequency of use in the most recent year of farming (reference year). Frequency
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of pesticide application in the reference year was used to estimate pesticide use for the years
between enrollment and the reference year.


We combined Phase 1 and 2 data to compute two cumulative exposure metrics for methyl
bromide, lifetime days of application (years x days/year applied) and intensity-weighted
lifetime days (lifetime days x intensity score). The intensity score was derived from an
algorithm based on mixing status, application method, equipment repair, and use of personal
protective equipment [16] that was recently updated [17]. We also generated lagged
variables, which discounted the most recent 15 years of exposure, because recent exposures
might not be relevant to diseases expected to have a long latency, such as many cancers.
Pesticide data for the present analysis were obtained from AHS data release versions
P1REL201005.00 (for Phase 1) and P2REL201007.00 (for Phase 2).


Since there were very few new users of methyl bromide at Phase 2, we minimized the
number of applicators with missing Phase 2 values for methyl bromide by assuming that
participants who reported no use of methyl bromide prior to enrollment and did not provide
Phase 2 information (because of questionnaire non-response or failure to answer specific
items about methyl bromide on the questionnaire) never used methyl bromide. In our final
sample of 53,588 applicators, only 19 reported no use of methyl bromide prior to
enrollment, but then reported use on the Phase 2 questionnaire. This contrasts with the
29,325 applicators who reported no use prior to enrollment and no use in Phase 2. For
applicators who reported use of methyl bromide prior to enrollment and did not provide
Phase 2 information, we assigned methyl bromide exposure based on the information
reported in Phase 1. Figure 1 describes the treatment of missing methyl bromide data in our
population, including exclusion of some participants for whom we did not conduct
imputation, as well as other exclusions that we made to arrive at our final sample.


We expect that our approach based on the fixed assumptions described above might have
resulted in some underestimation of lifetime methyl bromide use (i.e. for participants who
did not respond to Phase 2, but continued to use methyl bromide at that time or started using
methyl bromide between Phase 1 and Phase 2). Thus, we compared results using this
approach with results derived from a multiple imputation for missing pesticide use in Phase
2 due to questionnaire non-response (any use and days/year applied for each pesticide),
which has been previously described [18]. Findings were similar for the two methods, and
we do not present results based on the multiple imputation; however, results based on the
multiple imputation for a number of pesticides, including methyl bromide, with prostate
cancer risk have been described elsewhere (Koutros et al, in press). The similarity in
findings was expected given the marked decline in methyl bromide use in the cohort (of the
34,371 Phase 2 responders in our sample, 5,043, or 14.7%, reported any use, 1,456, or 4.2%,
reported use in the past year at enrollment, and 181, or 0.5%, reported use at Phase 2), such
that a small percentage of Phase 2 non-responders was expected to be using methyl bromide
at Phase 2.


Statistical analysis
We used Poisson regression to compute rate ratios (RR) and 95% confidence intervals (CI)
for the associations between methyl bromide use and all cancers combined, as well as the 12
specific cancer sites with at least 15 methyl bromide-exposed cases: prostate, stomach,
lymphohematopoietic [which includes non-Hodgkin lymphoma (NHL), leukemia, Hodgkin
lymphoma, and multiple myeloma], NHL, leukemia, oral cavity, colon, rectum, lung,
bladder, kidney, and melanoma.


We categorized the methyl bromide exposure metrics into tertiles based on the distribution
among exposed cancer cases (all cancers combined), and further divided the upper category


Barry et al. Page 4


Cancer Causes Control. Author manuscript; available in PMC 2013 June 01.


N
IH


-PA Author M
anuscript


N
IH


-PA Author M
anuscript


N
IH


-PA Author M
anuscript







at the median (cutpoints at the 33rd, 67th, and 83rd percentiles), resulting in a 5-level variable
with the non-exposed group as the referent. We also generated 3-level and 4-level
categorical exposure variables for use with rarer cancers with the non-exposed group as the
referent, based on exposure categories using medians or tertiles as cutpoints. For analysis,
we required at least five exposed cancer cases within each exposure category. Thus, we used
the five-level variable for all cancers combined, as well as prostate, lymphohematopoietic,
colon, rectum, and lung cancers, the four-level variable for NHL, leukemia, bladder cancer,
kidney cancer, and melanoma, and the three-level variable for stomach and oral cavity
cancers. For testing linear trend, we generated continuous score variables using the median
value for each category. We observed similar results for the intensity-weighted and
unweighted exposure metrics and present only the former.


For a subgroup of cancers where numbers allowed (prostate, lung, colon, and
lymphohematopoietic), we evaluated interactions between methyl bromide use and a first-
degree family history of the specific cancer using likelihood ratio tests (LRT) comparing
nested models with and without the interaction terms. All analyses were conducted using
SAS, version 9.1 (SAS Institute, Cary, NC).


We adjusted all models for the following covariates using Phase 1 information (including a
category for missing if applicable): attained age (less than 50, 50–59, 60 or older), gender,
race (white, non-white, missing), state of residence (Iowa, North Carolina), applicator type
(private, commercial), enrollment year (1993–1997), cigarette smoking status (never,
former, current, missing), alcohol consumption in the past 12 months at enrollment (yes, no,
missing), education (high school or less, high school graduate or GED, more than high
school, missing), and family history of cancer (yes, no, missing), using family history of the
specific type of cancer where available: for prostate, stomach, lymphohematopoietic (based
on family history of leukemia or lymphoma), leukemia, NHL, colon, lung, and melanoma.
When a family history of the specific cancer was not available, we adjusted for a family
history of any cancer. We selected these covariates for adjustment because they were
thought to be associated with cancer risk based on the literature. Additionally, we adjusted
models for ever/never use (using Phase 1 and 2 information) of the five pesticides that were
most highly correlated with intensity-weighted days of methyl bromide use (Spearman rho:
0.35–0.60): metalaxyl, ethylene dibromide, carbaryl, aldicarb, and maneb/mancozeb.


RESULTS
Table 1 presents the distribution of person-years of follow-up for various demographic,
lifestyle and occupational factors by cumulative methyl bromide use (none, low, and high,
with low and high defined based on the median intensity-weighted lifetime days). The
distribution of person-years significantly varied by methyl bromide use for all of these
factors (data not shown); however, some of the differences were small and likely achieved
significance because of the large sample size and relatively long follow-up in our study.
Methyl bromide was used more frequently by participants in North Carolina. In addition,
participants with higher methyl bromide use tended to be older and to have enrolled earlier,
and were more frequently private applicators, former/current smokers, non-drinkers, and
applicators of the five most correlated pesticides with methyl bromide when compared with
participants with lower methyl bromide use (Table 1).


With follow-up through 2007 and with 280 exposed cases, there was no suggestion of
increasing risk of prostate cancer with increasing methyl bromide use (ptrend = 0.90) (Table
2). This contrasts with a previous analysis of prostate cancer in the AHS with follow-up
through 1999, which observed a significant trend based on 67 exposed cases [10]. We
observed a significant monotonic increase in the risk of stomach cancer with increasing
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methyl bromide use based on 15 exposed cases (RR=1.42; 95% CI: 0.51–3.95 and RR=3.13;
95% CI: 1.25–7.80 for low and high use compared with no use, respectively; ptrend=0.02).
No other cancer sites displayed a significant monotonic pattern with increasing methyl
bromide use (Table 2).


We observed similar patterns for all sites using exposure metrics that encompassed a 15-year
lag (Table 2). In addition, results were similar for North Carolina residents only (Iowa could
not be examined separately due to small numbers of exposed cases), Phase 1 exposure data
only, and participants who completed both Phase 1 and 2 questionnaires (data not shown).


Because a previous AHS analysis observed an association for methyl bromide and prostate
cancer [10], whereas we did not with additional follow-up, we computed RRs for prostate
cancer within categories of calendar year of follow-up. Although we did not observe
significant variation in the RRs by calendar time (LRT p-value for interaction = 0.81; data
not shown), we observed a non-significant elevated risk of prostate cancer for the highest
exposure category (18 exposed prostate cancer cases) compared with the non-exposed group
with follow-up from 1993–1998 (RR=1.52; 95% CI: 0.90–2.59) that diminished over time.
Figure 2 illustrates this pattern based on the negative slope for the fitted trend over time on a
log-linear scale. When we compared characteristics of the prostate cancer cases diagnosed
between 1993 and 1998 to the later diagnosed cases (1999–2007), we found that the later
diagnosed cases were younger at enrollment (average ages for the earlier and later diagnosed
cases were 63.4 and 58.2 years, respectively; t-test p-value < 0.0001) and also had lower
cumulative methyl bromide use (average intensity-weighted lifetime days for the earlier and
later diagnosed cases were 945.9 and 397.4, respectively; t-test p-value = 0.02).


We also examined associations between methyl bromide and other cancer sites by calendar
time of follow-up to assess whether these associations were increased earlier in follow-up as
for prostate cancer, although numbers of exposed cases became very small for most of the
sites and further constrained the number of exposure categories we could examine (data not
shown). We did not observe a significant monotonic pattern for any cancer site with follow-
up from 1993–1998; however, for some sites we were limited to evaluate ever/never methyl
bromide use and therefore could not assess the pattern in risk with increasing use.


We observed a borderline significant interaction between any methyl bromide use and a
family history of prostate cancer, but not for a family history of the other cancers examined
(pinteract = 0.05, 0.44, 0.19, and 0.67 for prostate, lung, colon, and lymphohematopoietic
cancers, respectively) (Table 3). Our findings suggested an increase in prostate cancer risk
among participants with a family history (RR for any use compared with no use = 1.46; 95%
CI: 0.97–2.20), in contrast to no association among participants without a family history
(RR = 0.91; 95% CI: 0.75–1.10). However, when we evaluated more categories of methyl
bromide use, we did not observe a significant interaction (pinteract = 0.19) or an exposure-
response relationship among those with a family history (Table 3).


DISCUSSION
Our analysis of associations between methyl bromide use and risk of all cancers combined
and 12 specific cancer sites among pesticide applicators in the AHS with follow-up from
1993 through 2007 found no significant monotonic associations, except for stomach cancer,
which was based on 15 exposed cases. We did not observe an association between methyl
bromide and prostate cancer over the full follow-up period. However, we observed an
increased risk of prostate cancer associated with high methyl bromide use in an early period
of follow-up (1993–1998), consistent with a previous report in the AHS, that diminished
over time. Our findings provided some evidence of an increase in prostate cancer risk with
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methyl bromide use among participants with a family history of prostate cancer in contrast
to no association among those without a family history, but the interaction did not achieve
statistical significance and there was no exposure-response relationship among those with a
family history. We did not observe evidence of an interaction between methyl bromide and a
family history of lung, colon, or lymphohematopoietic cancers.


Although our finding of an association between methyl bromide and stomach cancer may be
due to chance, our finding is consistent with a California case-control study of stomach
cancer, which observed a more than two-fold increase in risk associated with the highest
compared with the lowest tertile of exposure [13]. In addition, there is some biological
plausibility for an association with stomach cancer. DNA adducts have been isolated from
the stomach and forestomach of rats with oral or inhalation exposure to methyl bromide [8],
and other studies in rats have observed increased formation of hyperplastic and neoplastic
lesions in the forestomach with oral exposure to methyl bromide by gavage [19, 20].
However, regression of the lesions following cessation of exposure raised uncertainty about
the malignant nature of the lesions [20], and the relevance of rodent forestomach
carcinogenesis to human cancer risk has also been questioned [21]. In addition, other studies
in rats, using different routes of exposure, observed no evidence of methyl bromide
carcinogenicity [22, 23].


Similar to a previous analysis of prostate cancer in the AHS with follow-up through 1999,
which used different cutpoints for categorizing methyl bromide [10], our findings suggested
an increase in prostate cancer risk associated with methyl bromide for an early period of
follow-up (1993–1998). Our results are consistent with findings from a nested case-control
study among Hispanic farmworkers in California [11], which followed participants through
1999. However, a population-based case-control study of prostate cancer in California [12],
which estimated exposure based on residential proximity to crop application of methyl
bromide, observed increased prostate cancer risk for more recently diagnosed cases (2005–
2006). Based on 1997 estimates, the highest methyl bromide use (pounds of active
ingredient) in the United States occurred in California [24]. More recent methyl bromide use
in California compared with the AHS study region could potentially explain why the
California case-control study based on diagnoses from 2005–2006 observed an association
with prostate cancer, whereas we did not for recent years. In the AHS, most participants had
already stopped using methyl bromide by the time of study enrollment (1993–1997),
although information on specific time of cessation was not available. It is possible that the
early association between methyl bromide and prostate cancer in our study was real and
became diluted with continued follow-up because of the increasing time since the
occurrence of exposure. We also found that the AHS prostate cancer cases diagnosed later in
follow-up (1999–2007) had lower cumulative methyl bromide use compared with those
diagnosed earlier (1993–1998). Thus, adding the later diagnosed cases would tend to
weaken any methyl bromide association. However, it is equally possible that the early
association in our study was due to chance.


A previous study among methyl bromide fumigation workers observed increased
hypoxanthine-guanine phosphoribosyl transferase gene (hprt) mutations in lymphocytes and
increased micronuclei formation in oropharyngeal cells [9], which suggested a carcinogenic
potential of methyl bromide with respect to hematopoietic and oropharyngeal cells. In the
present study, we were unable to examine oropharyngeal cancers alone because of small
numbers; however, we found little evidence of increased risk for a group of cancers in the
oral cavity region, which included oropharyngeal cancers. Our findings also provided little
evidence of an association between methyl bromide and lymphohematopoietic cancers.
Although we observed a significant elevation in the risk of lymphohematopoietic cancers
combined, as well as NHL specifically, associated with exposure in the lowest tertile
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(compared with the non-exposed group), the risk did not continue to increase with
increasing exposure. In addition, the elevated risk did not persist when we evaluated any
compared with no methyl bromide use (data not shown).


Despite the large overall sample size, infrequent use of methyl bromide resulted in relatively
small numbers of exposed cases for most of the cancers, and therefore limited power to
detect associations (particularly for rarer cancers). Additionally, small numbers precluded
our ability to evaluate some cancers, including testicular cancer, which was of interest based
on findings from a cohort of potentially exposed workers [14]. We also expect some
exposure misclassification in our study [25], as with any study using self-reported
information; however, the prospective design reduced the potential for recall or reporting
bias to influence our results, and self-reported pesticide information in the AHS has been
demonstrated to be reliable and consistent with the dates of introduction to the market [26,
27].


Our study had several strengths. The participation rate was high, with about 82% of the
target applicator population enrolled, and there has been minimal loss to cancer follow-up
(2.2% as of January 2012) in the cohort. As a cohort study, we were able to assess pesticide
use prior to disease occurrence, as well as to assess exposures over time, although use of
methyl bromide tended to decline over time. We focused our analyses on the intensity-
weighted exposure metric, which incorporates an intensity score that has shown moderate
correlation with biomarkers of pesticide exposure in post-application urine samples;
however, methyl bromide has not been specifically evaluated [28].


In summary, in this population of primarily white male private applicators in the AHS with
follow-up from 1993 through 2007, we observed little evidence of associations between
methyl bromide and most cancers examined; however, there were small numbers of exposed
cases for many sites. Our finding of a significant monotonic increase in stomach cancer risk
with increasing methyl bromide use is supported by a previous report of increased stomach
cancer risk associated with methyl bromide in a California case-control study, as well as
some experimental animal findings. This association warrants re-evaluation in the AHS with
longer follow-up, as well as examination in other epidemiologic studies. Although we
previously observed an association with prostate cancer in the AHS (follow-up through
1999), the association did not persist with longer follow-up. We observed a non-significant
elevated risk of prostate cancer with methyl bromide use among those with a family history
of prostate cancer, but the interaction with a family history did not achieve statistical
significance. It is unclear whether the early finding with prostate cancer in the AHS was due
to chance or whether the finding was real and potentially attenuated with continued follow-
up due to diminishing methyl bromide use over time. With the declining use of methyl
bromide worldwide, there are limited opportunities for further study; however, there is some
potential for future work in developing countries because of the delayed phaseout in these
countries, as well as areas in developed countries (e.g. California) where methyl bromide is
still in use.
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Fig. 1.
Study exclusions and treatment of missing methyl bromide data
*Abbreviations: IW days, intensity-weighted lifetime days; MB, methyl bromide
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Fig. 2.
Effect modification of the association between high methyl bromide use (upper half of tertile
3 of intensity-weighted lifetime days compared with no methyl bromide use) and prostate
cancer risk by calendar time of follow-up among male pesticide applicators in the
Agricultural Health Study, adjusted for age, race, state of residence, applicator type,
enrollment year, cigarette smoking status, alcohol consumption, education, family history of
prostate cancer, and ever/never categorizations of the five pesticides most highly correlated
with methyl bromide: metalaxyl, ethylene dibromide, carbaryl, aldicarb, and maneb/
mancozeb
*generated using Origin software (OriginLab Corporation, Northampton, MA)
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